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The renal functional reserve in health and renal disease in school age
children, The capacity to increase the glomerular filtration rate (GFR) in
response to stimuli is a characteristic of the healthy kidney. To establish
normal limits of this functional reserve is of clinical relevance because
its loss may be the earliest indication of renal damage. For this purpose
we have used a method applicable in clinical practice: one-hour
clearances of creatinine (Car) done under water diuresis, before (un-
stimulated) and two hours after (stimulated) a test meat meal, taking a
single postmeal blood sample. Urine collection was done by voluntary
voiding under direct supervision. In studies done in 14 control subjects,
inulin clearance (Cin)/Ccr ratios were (mean SEM) 1.04 0.05 and
0.96 0.03, in unstimulated and stimulated clearances, respectively. In
studies repeated at three to nine week intervals, we found a variation
coefficient (mean SEM) of 24.5 3.11% and 9.25 1.43% (P < 0.001)
for the unstimulated and stimulated Ccr, respectively. The correspond-
ing values for C1, were 19.3 2.36% and 9.17 1.19% (P < 0.001),
suggesting that stimulated GFR values are more stable. Unstimulated
and stimulated GFR and renal functional reserve (stimulated C. —
unstimulated Car) were studied in 260 school aged children, ages 6 to 16
years (140 boys and 120 girls). The distribution of the renal functional
reserve was approximately Gaussian but the distribution of the urinary
creatinine excretion, unstimulated and stimulated GFR had consider-
able positive skewness. Normal limits (ml . min 1.73 m2) for
stimulated Cr are 76.4 to 220.5 (10 and 90 percentiles), with a median
of 134.5. There were no age-related differences. Unstimulated C. was
higher in males (P < 0.001); but stimulated CC was similar in both
sexes. The renal functional reserve had a negative correlation (R =
— 0.542, P < 0.0001) with unstimulated Cr and a positive correlation
(R = 0.611, P < 0.0001) with the stimulated Car. A nomograph was
constructed with the 10 and 90 percentiles of the unstimulated and
stimulated Ccr and renal functional reserve. Studies done in 21 patients
withCrangingfrom25ml min l.73m2to142ml. min 1.73
m2 demonstrated that absent or diminished renal functional reserve is
present in patients with renal disease and normal baseline Ccr. Dietary
protein restriction was associated with a fall in baseline glomerular
filtration, but the stimulated levels remained unchanged and, conse-
quently, the renal functional reserve increased. Determination of stim-
ulated GFR and renal functional reserve may be useful in following the
effects of therapeutic intervention in the pre-azotemic stage of renal
disease.
years of age through adulthood with a subsequent age-related
decrease, but there are several physiologic influences that are
known to modify it significantly. Among them, dietary protein
content has received widespread attention because chronic
hyperfiltration is postulated to play a central role in the pro-
gression of renal damage and the aging process of the kidney
[1]. Bosch et al [2] studied the transient hyperfiltration observed
after a protein meal to determine the renal functional reserve,
and several groups [3—8], including ours [9, 101, have evaluated
the GFR response to a protein load in health and renal disease.
Since diminished reserve capacity may be present indepen-
dently of the levels of baseline GFR, it is necessary to establish
normal limits for the stimulated GFR and the renal functional
reserve, with a test applicable in clinical practice.
The endogenous creatinine clearance (Car) was first proposed
as a method for estimating the GFR by Popper and Mandel in
1937 [11]. It is well recognized that C. is not an accurate
measurement of GFR, and discrepancies with the inulin clear-
ance are increasingly significant as renal function deteriorates
[12—14]. Yet, the simplicity of the methodology has made the
Ccr measurement the most widely used technique for measur-
ing the GFR in clinical practice. The use of Cr to evaluate the
stimulated GFR and renal functional reserve is attractive not
only because it is simple, but because these measurements have
particular relevance when the baseline GFR is normal, when
discrepancies between inulin and creatinine clearances may be
minor. The purpose of this paper is: 1) describe, validate, and
report the normal values in school age children, with a glomer-
ular filtration stimulation test that can be used in clinical
practice to evaluate renal functional reserve; and 2) demon-
strate the application of this test in the assessment of patients
with renal disease and apparently preserved renal function.
Methods
Normal school-age children
The glomerular filtration rate (GFR) is the most valuable
measurement of overall kidney function. In the absence of
disease, GFR, corrected to a constant body surface area (1 m2
or 1.73 m2 by consention), remains remarkably stable from two
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We studied 386, volunteer healthy children in a school with a
total population of 1,500 children from families of average
socioeconomic status. The number of 386 children agreed with
the sample size of N = 384, calculated to be necessary to obtain
a 95% confidence interval on the mean of 2 ml/min, assuming
a standard deviation of the glomerular filtration rate of 20 ml!
mm in the population. The school in which the study was done
was chosen because it fulfilled the following characteristics: 1)
accurate health records and family data of the children were
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available; this was possible because the school had both a
consulting dietician and a physician, the latter being one of the
authors (E.M.); 2) dining room and kitchen facilities, suitable
for the preparation and offering of the test meals, and infirmary,
where urine and blood samples could be collected, existed in
the school and; 3) the school administrators and the Parents'
Association agreed to cooperate, and the parents gave signed
consent for participation of the children in the study.
The GFR stimulation test (GFRST) consisted of determina-
tions of Ce,. before (unstimulated, baseline) and after (stimu-
lated) a meat meal. Baseline clearances could not be determined
in 48 children because of problems with urine collections, or
inability to take blood samples, etc. Stimulated clearances were
not completed or were considered invalid in 78 additional
children for similar reasons or because of refusal to eat part of
the prescribed protein test meal. Therefore, valid baseline
studies were done on 338 children of mixed race (179 boys and
159 girls, ages 6 to 16), and stimulated clearances were done in
260 of those children (140 boys and 120 girls, ages 6 to 16).
Weight, height, blood pressure and hemoglobin were deter-
mined and urine sediment was examined. If a blood pressure
was found elevated for the age [15], it was taken again once or
twice at later occasions to confirm the finding. Nutritional
status was assessed by the height/weight ratio [16].
Patients
We studied 21 patients with established diagnosis of renal
disease from the outpatient clinic who had serum creatinine
concentration  176.8 zmolIliter mgldl). None of the
patients were oligunc. They were grouped according to their
unstimulated Ccr as follows.
Group A. In this group were patients with mild to moderate
depression of CCr. There was a total of nine patients with Cr
between 25 and 62 ml . min' . 1.73 m2), including two pa-
tients with membrano-proliferative glomerulonephritis, two pa-
tients with focal segmental glomerulosclerosis and nephrotic
syndrome, two patients polycystic kidney disease, one patient
with proliferative glomerulonephritis associated with lupus ery-
thematosus, one patient in the convalescent period of poststrep-
tococcal nephritis, and one patient with IgA nephropathy.
Group B. This group had a normal Car, and consisted of
seven patients with CCr between 78 and 110 ml . min 1.73
m2, including two patients with steroid-sensitive nephrotic
syndrome in remission (biopsy not done), two patients studied
four and six months after uneventful recovery from acute
post-streptococcal glomerulonephritis and one case each of IgA
nephropathy, Alport's disease, and membranous glomerulone-
phritis.
Group C. This group had supranormal CCr. There was a total
of five patients with Cr higher than 120 ml• min' . 1.73 m2.
This included three patients with diabetes mellitus type I and
microalbuminuna, one patient with minimal change disease and
one patient with steroid-sensitive nephrotic syndrome in remis-
sion (biopsy not done).
All patients were studied once, and the stimulation test was
repeated in two patients of group A (patients with IgA nephrop-
athy and focal segmental glomerulosclerosis), two patients of
group B (1 patient with Alport's disease and 1 patient with
steroid-sensitive nephrotic syndrome), and three patients of
Group C (2 patients with diabetes type I and 1 patient with
minimal change disease), after two to four weeks of low protein
diet (0.5 g per kg of body wt). This protein restriction repre-
sented approximately a 50% to 60% reduction of their dietary
protein intake at the time when the first study was done, as
determined by dietary history.
Glomerular filtration rate stimulation test (GFRST)
The children were asked not to have breakfast on the day of
the test, but they had free access to water. At 8:00 a.m. they
were asked to empty their bladder and drink 15 to 20 ml of water
per kg of body weight. Urine was collected under supervision
for one hour for the baseline clearance. At approximately 9:30
a.m., the children ate 200 or 300 g of cooked lean hamburger
meat, depending on their weight; the higher value was intended
for children who weighed more than 50 kg. The meal provided
44 or 66 g of animal protein, 6 to 9 mmol of Na, and 20 to 30
mmol of K [10]. Thirty mmol NaCI were added during the
preparation. The levels of stimulated GFR are related to the
amount of protein ingested, at least in the range of 0.5 to 1.35 g
of protein. kg' body weight [10]; in the GFRST we used two
amounts of preweighed meat to simplify the studies. The meal
was eaten in 15 to 25 minutes and the postmeal CCr was begun
one hour later. Postmeal Ce,. was performed under water
diuresis in the same manner and with the same duration as the
baseline clearance. This time sequence was chosen because
increments in GFR appear gradually after one hour, and peak
hyperfiltration after a meat meal usually occurs one to two
hours postmeal [3, 10]. A single serum sample for creatinine
taken one hour postmeal was used for both premeal and
postmeal clearances.
Because serum creatinine increases significantly after a meal
of cooked meat [17], we did separate preliminary studies to
evaluate the error introduced by utilizing a single one-hour,
postmeal serum creatinine determination in the calculation of
both the baseline and the second hour postmeal clearance. For
this purpose we performed simultaneous inulin (C1) and Ce,. in
14 normal subjects (ages 15 to 18, 9 males and 5 females) before
and hourly, for three hours, after a meat meal. In these studies,
inulin loading and sustaining infusions were given in standard
fashion [181 after an oral water diuresis was induced and
maintained throughout the experiment. Urine output was col-
lected by voluntary voiding under supervision. Urine and blood
samples were analyzed for inulin [19] and creatinine concentra-
tions by an autoanalyzer (ACA II Clinical Analyzer, Dupont
Co., Wilmington, Delaware, USA).
Coefficient of variation was studied in three successive de-
terminations of fasting one-hour clearances in 10 normal chil-
dren. The variability over time of unstimulated and of stimu-
lated GFR was evaluated in 10 normal individuals who had
three to five studies each, separated by intervals of three to nine
weeks. Variability of unstimulated and of stimulated C over
time was further studied in 36 schoolchildren who were re-
examined after an interval of one to two months in an identical
manner to the original studies.
Clearances were corrected for 1.73 m2 surface area. Renal
functional reserve was calculated as proposed by Bosch et al
[2]: RFR (mi/mm) = stimulated — unstimulated Ce,..
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Mean SEM 91.2 5.9 88.3 5.1 1.04 0.05 138.0 7.3 144.0 6.0 0.96 0.03 44.9 5.8 55.1 8.1 0.87 0.08
Data obtained in individuals studied before and after a protein meal. Values correspond to fasting (unstimulated) and peak postmeal levels
(stimulated). Abbreviations are: C, inulin clearance; Ce,., creatinine clearance. Renal functional reserve (RFR) calculated as the difference
between stimulated and unstimulated clearances of inulin (RFRI) and creatinine (RFRr).
Nomo graph
A nomograph was constructed utilizing the 10 and 90 percen-
tiles of the unstimulated Car, stimulated Ce,. and renal func-
tional reserve in the healthy schoolchildren. Data of the patients
were plotted in this nomograph.
Statistical analysis
Statistical analysis was done with the help of a computer
program (Statgraphics, STSC Inc., Rockville, Maryland, USA)
by conventional as well as non-parametric methods, because
the distribution of the Cr was not normal (Gaussian). Values of
P were similar using both methodologies. Correlation coeffi-
cients shown are those found with parametric analysis (Pear-
son's correlation). The Kolmogorov method was used to test if
the data had a normal distribution. Data are expressed as mean
SEM. Two-tailed statistical tests were used and differences
were considered significant when P < 0.05.
Results
Normal schoolchildren
The height/weight ratio was between the 10 to 90 percentiles
in 315 of the children; 23 children were below the 10 percentile
for their respective age group. There was only one hypertensive
child, age 8. Abnormal urinary sediment was found in 26
children; 15 had leucocyturia (5 or more white blood cells per
high power field), 15 had microscopic hematuria (5 or more red
blood cells per high power field), 4 had 1 + dip-stick proteinuria.
The children with abnormal sediment did not differ from the rest
with respect to renal function.
Table 1 shows the individual data of GFRST in 14 normal
subjects studied with simultaneous C1,, and Ce,.. The correlation
coefficient of C1,, and determinations is 0.89. The mean
value of renal functional reserve calculated with Cr is 1.2 times
higher than the value obtained with C1,.
Table 2 shows the variation coefficient of the fasting and
stimulated GFR. The individual variability of fasting CCr and
C1,, performed several weeks apart is more than twice higher
than the variation coefficient of stimulated GFR determined at
similar intervals by GFRST (Table 2, P < 0.001).
Additional studies of the variability of the fasting and post-
meal Cr were done in 38 and 23 children, respectively, who
had studies repeated three months after the initial studies. The
individual difference between the two fasting determinations
was 35.3 6.30 ml . min' . 1,73 m2, representing 37.6% to
49.3% in the two determinations; in contrast, the difference
between the two determinations of stimulated Cr was 16.9
3.00 ml. min' . 1.73 m2, or approximately 12%.
Table 3 shows the descriptive statistics of the data. All
parameters show a leptokurtic distribution and, all but the renal
functional reserve show significant positive skewness and do
not conform to the normal (Gaussian) distribution (P  0.05,
Kolmogorov test). The distribution of the fasting urinary creat-
mine excretion and C. is considerably more leptokurtic and
skewed than the distribution of stimulated values. Histograms
of unstimulated and stimulated clearances are shown in Figure
Data were analyzed in age groups (6 to 8 years, N = 81; 9 to
11 years, N = 137; 12 to 16 years, N = 120) separated by sex.
There were no age related differences but, as shown in Table 4,
males have significantly higher serum creatinine (postmeal),
fasting urinary creatinine excretion and fasting Ce,.. The differ-
ences between sexes disappears after stimulation with a protein
meal (Table 4).
Serum creatinine levels correlated with surface area (R =
0.405, P < 0.0001) and with weight (R = 0.42, P < 0.0001) in
males but not in females. Fasting urinary creatinine excretion
was correlated with surface area in males (R = 0.614, P <
0.0001) and females (R =0.624, P < 0.0001). Stimulated urinary
creatinine excretion also correlated with surface area in males
(R 0.7 17, P < 0.0001) and females (R = 0.702, P < 0.0001).
The renal functional reserve had a negative correlation with
the unstimulated C. (R =
—0.542, P < 0.0001, Fig. 2), and
Table 1. Simultaneous inulin and creatinine clearances in basal and stimulated conditions
Unstimulated Stimulated Renal functional reserve
C1,, Ccr
Cin/C,.
Cm C.
C10/C.
RFR1,, RFRcr RFR10
Subject ml min' - 1.73 m2 ml . min' 1.73 m2 ml . min' 1.73 m2 RFRcr
1 95 81 1.17 171 158 1.08 76 77 0.99
2 82 61 1.34 121 169 0.72 39 108 0.36
3 95 78 1.22 133 148 0.90 38 70 0.54
4 80 84 0.95 134 134 1.00 54 50 1.08
5 — — — 137 160 0.86 — — —
6 91 93 0.98 147 155 0.95 56 62 0.90
7 72 102 0.71 — 140 — — 38 —
8 120 113 1.06 149 147 1.01 29 34 0.85
9 101 81 1.25 181 179 1.01 80 98 0.82
10 — — — 141 136 1.04 — — —
11 81 90 0.90 103 112 0.92 22 22 1.00
12 133 121 1.10 170 157 1.08 37 36 1.03
13 58 66 0.88 95 96 0.99 37 30 1.23
14 86 89 0.97 112 125 0.90 26 36 0.72
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Table 2. Variability of fasting and stimulated glomerular filtration rate
N of N of Mean SEM
Variation coefficient (%)
Individual
CI
subjects determinations ml . min 1.73 m2 Group mean SEM from to
Succesive (back to
back)
fasting Ce,. 10 30 83.1 1.92 11.3 6.72 1.63 3.53 9.91
Cxl, 10 30 89.1 2.27 14.0 5.70 1.09 3.56 7.84
Fasting GFR studied
at 3 to 9 weeks
intervals
Ccr 10 41 81.4 3.05 24.0 24.5 3.11 18.4 30.6
C1 10 30 92.2 3.33 19.8 19.3 2.36 14.7 23.9
Stimulated GFR studied
at 3 to 9 week
intervals
Ccr 10 42 141.2 3.43 15.8 9.25 1.43a 6.45 12.05
C1,, 10 30 135.8 4.50 18.2 9.17 1.19k 6.84 11.50
Fasting and stimulated studies performed as described in the GFRST. Abbreviations are: Cr, creatinine clearance; Ci,,, inulin clearance; CI,
confidence interval; GFR, glomerular filtration rate.
a Significantly lower than the variation coefficient of the fasting determinations at similar intervals (P < 0.001).
Table 3. Glomerular filtration stimulation test in healthy school age children
Percentiles
N Mean SEM Median 10 90 Skewness Kurtosis
Serum Cr jsmol/!iier 338 76.9 0.80 79.6 61.9 97.2 0.380 2.900
Urine Cr nol min' . 1.73 m2
Unstimulated 338 6.01 0.124 5.57 3.62 8.31 1.938 9.278
Stimulated 260 10.79 0.177 10.43 7.51 14.10 0.787 4.028
Cr ml. min1 . 1.73 m2
Unstimulated 338 84.7 2.05 75.0 46.4 140.3 1.442 4.851
Stimulated 260 143.1 2.24 134.5 76.4 220.5 0.839 3.112
Renal functional reserve 260 60.2 2.51 57.1 19.4 111.8 0.015 4.172
ml. min' . 1.73 m2
positive correlation with the stimulated Cr (1 = 0.611, P <
0.0001, Fig. 3). A much weaker, correlation (R = 0.335, P <
0.001) also existed between the stimulated and the unstimulated
Ccr.
Patients with renal disease
Renal functional reserve ranged from —30 to 63 ml
min' . 1.73 m2 in individual patients. Renal functional re-
serve (ml . min' . 1.73 m2) was —1.33 5.4 in patients of
group A, 1.66 6.01 in patients of group B, and 4.80 5.44 in
patients of group C; these values are significantly lower (P <
0.001) than the normal value of 60.2 2.51 (Table 3). Individual
patients are plotted in the nomograph shown in Figure 4.
Figure 5 shows the changes observed in two patients of group
A, two patients of group B and three patients of group C, after
two to four weeks of protein restriction. Five patients had a
reduction of the baseline GFR value while the levels of stimu-
lated GFR remained essentially unchanged. Four patients
moved into the area of normal functional reserve defined in the
nomograph (Fig. 5).
40 60 80 100 120 140 160 180 200 220 240
Ccr, m/ min' 1.73m2
Fig. 1. Histograms of unstimidazed creatinine clearance (shaded bars)
and stimulated creatinine clearance (open bars).
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Table 4. Baseline and stimulated creatinine clearance: Differences by sex
Males Females
N Mean SEM PaN Mean SEM
Serum Cr .unol/liter 179 79.6 0.88 159 74.3 0.83 <0.001
Urine Cr pmol. min' . 1.73 m
Baseline 179 6.28 0.18 159 5.66 0.18 <0.001
Stimulated 140 10.96 0.27 120 10.52 0.27 NS
Ccr ml min' . 1.73 m2
Baseline 179 91.3 3.19 159 77.2 2.33 <0.001
Stimulated 140 141.9 2.95 120 144.5 3.44 NS
P = two-tailed. NS = P> 0.05.
E
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Discussion
The endogenous creatinine clearance is widely used to esti-
mate GFR for clinical purposes. In the normal subject Ccr and
C1 determinations are very similar [12—141 because when
creatinine is determined by regular methodology, non-creati-
nine chromogens in the plasma tend to cancel out the effect of
tubular secretion of creatinine in clearance calculations. As
renal function deteriorates, the tubular secretion of creatinine
represents a proportionally larger fraction and, consequently,
is significantly higher than C1 when the GFR is decreased
[131. In normal school children, a reasonable closeness between
C1. and Cr was expected and found, as shown in Table 1, but
it should be emphasized that in any individual case C1 and Cr
may differ by as much as 42% (subject no. 7, unstimulated GFR,
Table 1).
In previous studies [10], we found that, in agreement with the
findings of Hostetter [3], GFR rises gradually and reaches peak
values between one and two hours postmeal in the vast majority
of the cases. Based on those findings, and in order to simplify
population studies, we chose to perform only two clearance
periods, and evaluated the error introduced by using a single
serum creatinine obtained one hour after the beginning of the
Fig. 2. Relationship between unstimulated
creatinine clearance (C) and renal functional
240 reserve (Y = 113.2 — 0.645X;R = —0.542; P <0.0001). Dotted lines correspond to the 95%
prediction limits.
meal, to calculate both the baseline and the stimulated Car.
Since serum creatinine increases after a meat meal [17], the use
of a single blood sample obtained between the premeal and
postmeal clearance periods is expected to result in an underes-
timation of the fasting Cr and an overestimation of the post-
meal Car. The effect of both these errors is towards overesti-
mating the renal functional reserve, because it is calculated by
subtracting the stimulated Cr from the unstimulated Car. As
shown in Table 1, these were indeed the findings, but the C1/
Ccr ratios of the baseline and stimulated GFR are within 4% of
unity and the mean value of renal functional reserve was
overestimated by 10.2 ml . min . 1.73 m2 in the GFRST.
These errors appear to be acceptable for clinical purposes.
The mean values of fasting one-hour Cr in school aged boys
and girls reported here (91.3 ml . min' . 1.73 m2 and 77.2
ml. . 1.73 m2, Table 4) are in the range of the mean
values reported in adults for 24-hour Cr using regular or
autoanalyzer creatinine determinations: 80 to 106 mllmin in
males and 55 to 95 mI/mm in females [12—14, 20—26]. Neverthe-
less, the mean values in our study are lower than in most other
studies, and the differences between one hour and 24 hour
clearances may be partially responsible. If so, it is doubtful that
0
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Fig. 3. Relationship between stimulated creatinine
250 clearance (C) and renal functional reserve (Y =
0.685X — 37.81; R = 0.611; P < 0.0001). Dotted
lines correspond to 95% prediction limits.
the 24 hour Cr is a better estimate of baseline renal function
than the shorter clearance. It has been pointed out that 24 hour
clearances are more representative and less sensitive to errors
in urine collection but, as noted by Doolan, Alpen and Thiel [22]
and Jacobsen et al [27], 24 hour clearances are calculated with
a single fasting creatinine, which may overestimate the clear-
ance by as much as 37% if a heavy meat meal is ingested in the
test day. In addition, one hour clearances performed under
water diuresis permit direct supervision, while 24-hour outpa-
Fig. 4. Nomograph of the glomerular filtration
stimulation test. Sublabels 10 and 90 are placed
corresponding to the 10 and 90 percentiles of
unstimulated creatinine clearance, stimulated
creatinine clearance and renal functional reserve.
1 The area enclosed by these percentiles defines the
180 200 normal limits. Small signs correspond to individual
patients of group A (open triangles), B (open
circles), and C (open squares) as described in the
text.
tient clearances are not supervised. Variation coefficient of
supervised one hour Cr done under water diuresis was 6.7%
(Table 2) and it is unlikely that a 24 hour clearance would be
more repeatable.
Fasting GFR is more variable over several weeks than
stimulated GFR. Similar results were reported by Bosch et al
[4]. Changes in the protein content of the diet in the days
preceeding the test may be a factor in this variability. One
should be aware that 1/3 of healthy school age children have, at
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Fig. 5. Effects of protein restriction evaluated with the glomerular
filtration stimulation test. Two patients of group A (open triangles), 2
patients of group B (open circles), and 3 patients of group C (open
squares) were studied while on a diet of 1.0 to 1.2 g protein . kg and
again after 2 to 4 weeks of a diet of 0.5 g protein. kg body weight.
Direction of arrows indicate the sequence of the tests.
any given time, a fasting Cr of less than 60 ml . min . 1.73
m2 (Fig. 1), a value most clinicians would consider abnormally
low. As shown in Table 1, 6 of 12 unstimulated C1, studies were
below 90 ml . min1 . 1.73 m2. It is possible that the protein
intake in our school children is lower than in other countries,
but precise information is lacking.
The normal limits of stimulated Ccr are quite wide: the 10 and
90 percentiles are 76 and 220 ml. min . 1.73 m2, respec-
tively (Table 3); but in contrast to unstimulated determinations,
is a value that remains relatively stable in a given individual
(Table 2). Stimulated Cr may be, therefore, a more reliable
measurement to follow for clinical purposes.
It is interesting that fasting serum creatinine, urine creatinine
excretion and Cr are significantly higher in males while the
stimulated values do not differ in the sexes. Other authors have
noted that sex differences could not be removed by correcting
for surface area and lean body weight [22]. It has been demon-
strated that administration of testosterone may increase creat-
mine excretion [28, 29] and androgen-related effects could
contribute to the higher fasting Cr in post-puberal boys but
probably not in younger children. Because the reason for higher
creatinine excretion in boys is incompletely accounted for by
anthropometric and hormonal differences, it is attractive to
speculate that it may be related to a higher protein intake in
boys resulting from a combination of familial social habits and
increased appetite derived from higher levels of physical activ-
ity. Our finding that stimulated GFR levels are similar in both
sexes (Table 4), also suggests that the higher baseline GFR in
males is due to environmental reasons.
The mean value of the renal functional reserve in school
children (60.2 ml . min1 . 1.73 m2 in Table 3), is higher than
the level of 34 ml . min' reported in adults by Bosch, Lauer
and Glabman [4]. The discrepancy may be due to overestima-
tion in our studies because of the use of a postmeal serum
creatinine for both Cr determinations, as discussed earlier.
The grossly non-Gaussian distribution of creatinine clearance
(Fig. I A, B) is, to our knowledge, not generally appreciated.
We have not found this issue addressed in the large studies in
normal population [20—26]. On the basis of this finding, we
suggest that, at least in school age children, mean and SD are not
adequate to describe the distribution of Cr in health; the
median and percentiles are more appropriate.
Clinical studies
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uncommon; in this circumstance, the normality of renal func-
tion may be assured with a GFRST.
With respect to patients with renal disease and baseline GFR
in the normal range, the lack of response to a protein test meal
may suggest the need to indicate or reinforce protein restric-
tion. Five of seven patients reexamined after two to four weeks
of low protein diet showed a decrease in the baseline GFR while
the stimulated GFR remained essentially unchanged; conse-
quently they moved towards the normal range of renal func-
tional reserve (Fig. 5). It remains to be shown whether the loss
of functional reserve is a critical step in the natural history of
progressive renal disease. Nevertheless, it appears probable
that the long-term effect of such measures as low protein diet,
control of blood pressure, etc., may be better judged by the
preservation of the stimulated GFR levels than by their effect
on the baseline GFR which could, in fact, be depressed as a
result of those same measures.
We believe that unstimulated GFR, stimulated GFR and renal
functional reserve should all be evaluated to obtain a complete
picture of the state of renal function and to measure the effect of
therapeutic interventions in the non-azotemic patient. The
GFRST, as described here, may be used clinically for these
purposes.
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